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21( ). $X$ $X\cross X$ $\mathcal{E}$
(1) $\triangle x\in \mathcal{E}$
(2) $E\in \mathcal{E}\Rightarrow E^{-1}\in \mathcal{E}$
(3) $E\in \mathcal{E},$ $F\subset E\Rightarrow F\in \mathcal{E}$
(4) $E,$ $F\in \mathcal{E}\Rightarrow E\cup F\in \mathcal{E}$
(5) $E,$ $F\in \mathcal{E}\Rightarrow E\circ F\in \mathcal{E}$
$\triangle x$ $\{(x, x’)\in X|x=x’\}$ $E,$ $F\subset X\cross X$
$E^{-1}=\{(x’, x)\in X\cross X|(x, x’)\in E\}$




$U\in \mathcal{U}$ $\{U[x]|x\in X\}$
$U[x]$
$U[x]=\{x’\in X|(x’, x)\in U\}$
$\mathcal{E}$ $E\in \mathcal{E}$ $\{E[x]|x\in X\}$
$\mathcal{U}$ (3)




$(X, \mathcal{E})$ (coarse space)
22
2.2 ( ). $(X, d)$ $X\cross X$
$\mathcal{E}_{d}=\{E\subset X\cross X|\sup_{(x,y)\in E}d(x, y)<\infty\}$
$X$ $\mathcal{E}_{d}$ $X$ (bounded coarse structure)
(X, d) $E$ $\mathcal{E}_{d}$
$\{E[x]|x\in X\}$
2.3. $X=(X, \mathcal{E})$ $B$ (bounded) $B\cross B\in \mathcal{E}$




$X$ $\mathcal{E}$ $(X, \mathcal{E})$
Euclid Riemann
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(a) ( 32 ) $(X, \mathcal{E})$ (coarsely




2.5 ( $C_{0}$ [10]). (X, d) $X\cross X$
$E$ $C_{0}$ : $\epsilon>0$
$K\subset X$ $(x, y)\in E\backslash K\cross K$ $d(x, y)<\epsilon$
$C_{0}$ $\mathcal{E}_{d}^{0}$ $X$ $\mathcal{E}_{d}^{0}$ $X$




$\mathcal{E}_{d}^{0}\subset \mathcal{E}_{d}$ $C_{0}$ $E$
$E\subset X\cross X$ $E=E^{-1}$
2.7. $(X, d)$ $E\subset X\cross X$ $C_{0}$
$X$ $x\mapsto$ diam $E[x]$
$X$
$X$ $\tilde{X}$
2.8 ( ). $\tilde{X}$ $X$ $\partial X=\tilde{X}\backslash X$
$X\cross X$ $\mathcal{E}_{\tilde{X}}$
$E\in \mathcal{E}_{x^{-}}\Leftrightarrow\overline{E}\backslash X\cross X\subset\Delta_{\partial X}$
$\overline{E}$ $\tilde{X}\cross\tilde{X}$ $E$ $\triangle$ \^ox
$\partial X$
$\mathcal{E}_{\tilde{X}}$ $X$ $\tilde{X}$ (topological coarse
structure) $*$ 1
2.9. $(X, d)$ $E\subset X\cross X$ $\epsilon_{\tilde{x}}$
$(x_{\lambda})_{\lambda\in\Lambda}$ $\omega\in\partial X$ $X$




$*1$ (continuously controlled coarse structure)
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2.10 ( ). $(X, \mathcal{E}),$ $(Y, \mathcal{F})$ $f:Xarrow Y$ (coarse
map)
(1) $E\in \mathcal{E}$ $(f\cross f)(E)=\{(f(x), f(x’))|(x, x’)\in E\}\in \mathcal{F}$
(2) $B\subset Y$ $f^{-1}(B)$
2.11. $X,$ $Y$
$f:Xarrow Y$ $f$ (




$S$ $X$ $f,g:Sarrow X$ (close)
$X\cross X$ $\{(f(s),g(s))|s\in S\}$
2.12 ( ). $f:Xarrow Y$ (coarse equivalence)
$g:Yarrow X$ $g\circ f,$ $f\circ g$ idx, $id_{Y}$
$f:Xarrow Y$ $X,$ $Y$ (coarsely equivalent)
2.13.
2.14. $f:Z\mapsto \mathbb{R}$ $g:\mathbb{R}arrow \mathbb{Z}$
$g(x)=[x]$ $Y$ $X$
$R>0$ $Y$ $X$ $R$
$X\mapsto Y$
$G$
$S\subset G$ $S$ $S=S^{-1}$ $S$
$G$ (word metric) $d_{S}$
$d_{S}(g,g’)= \min\{n\geq 0|g’=gs_{1}\cdots s_{n}$ $s_{1},$ $\ldots,$ $s_{n}$ $\}$
$d_{S}$ Cayley
$G$ $S$ Cayley $G$
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$(X, d)$ (geodesic space) $x,$ $y\in X$
$D=d(x, y)$ $\gamma(0)=x,$ $\gamma(D)=y$ $\gamma:[0, D]arrow X$
$\gamma$ $x$ $y$ $x$ $y$
Cayley 1
2.15. $X,$ $Y$ $f:Xarrow$
$Y$
(1) $A,$ $B>0$ $x,$ $x’\in X$
$A^{-1}d(x,x’)-B\leq d(f(x), f(x’))\leq Ad(x, x^{l})+B$ .
(2) $C>0$ $Y$ $f(X)$ $C$
2.16. $f:Xarrow Y$ 2.15 (1)(2)




$G$ $\Gamma(G, S)$ 213
217. $G,$ $G’$ $S\subset G,$ $S’\subset G’$
$(G, d_{S})$ $(G’, d_{S^{l}})$
218. $G$ $S,$ $T\subset G$












$\mathcal{A}(\tilde{X})=$ {$f|x|f$ $\tilde{X}$ }.




( [6, 4. $5m,$ $4.5q]$ ) Higson
Higson
2.19. $X$ $f:Xarrow \mathbb{R}$ Higson
$X$ $E\subset X\cross X$ $\epsilon>0$ $K\subset X$
$x\in X\backslash K,$ $x’\in E[x]$ $|f(x)-f(x’)|<\epsilon$
$f$ Higson $E$
$\lim_{xarrow\infty}$ diam $f(E[x])=0$ Higson $C_{h}(X)$
$C_{h}(X)=\mathcal{A}(hX)$ $X$ $hX$
2.20. $X$ $hX$ $X$ Higson
$\nu X=hX\backslash X$ $X$ Higson
Higson [
$X$ ( ) Higson
Stone-\v{C}ech $\beta\omega$ $2^{c}$
$C_{0}$
$*2$ $X$ $\mathcal{F}$ $X$ $x\in X$ $x$









$f:Xarrow Y$ $f^{*}:B_{h}(Y)arrow B_{h}(X)$
$f^{*}:B_{0}(Y)arrow B_{0}(X)$
$X,$ $Y$
$C( \nu Y)=\frac{C_{h}(Y)}{C_{0}(Y)}=\frac{B_{h}(Y)}{B_{0}(Y)}arrow\frac{B_{h}(X)}{B_{0}(X)}=\frac{C_{h}(X)}{C_{0}(X)}=C(\nu X)$
$\nu f:\nu Xarrow\nu Y$










(1) [4, Proposition 2.1] (2) Roe [8,
Theorem 2.27] (2) Roe [8]
$\tilde{X}$ (
perfectly normal) $X=[0, \infty)$ ,








3.3. $X$ $X$ $C_{0}$
( 26 ) $C_{0}$ ?
32 $C_{0}$
$C_{0}$ Hilbert Z-set $C_{0}$
[1]
$f:Xarrow Y$ $K\subset Y$ $f^{-1}(K)$
3.4. $(X, d),$ $(Y, \rho)$ $f:Xarrow Y$ .
$C_{0}$
$X$ ( [4, Corollary $3.4|$
) $X= \bigcup_{n\in N}K_{n}$ $(K_{n})$
$f:Xarrow Y$ 210 (2) 32 $f$
$f$ $r>0$ $X$ $(x_{n}),$ $(x_{n}^{l})$
$d(x_{n}, x_{n}’)<1/n,$ $x_{n},$ $x_{n}’\not\in K_{n}$ $\rho(f(x_{n}), f(x_{n}’))\geq r$
$E=\{(x_{n},x_{n}’)|n\in N\}$ $X$ $C_{0}$






3.6 ([9, Theorem 2.5]). $(X, d)$ $\tilde{X}$
(1) $f:Xarrow \mathbb{R}$ $\tilde{X}$ $f$
(2) $A,$ $B\subset X$ $c1_{\tilde{X}}A\cap c1_{\tilde{X}}B=\emptyset$
$d(A, B)>0$ $\square$





3.8. 34, 35 37 26 $C_{0}$
39. $X$ $A\subset X$
$U(A)=\Delta_{A}\cup(X\backslash A)^{2}$
$X\cross X$ $\mathcal{U}$ $A\subset X$ $\triangle x\subset U\subset U(A)$
$U$ $\mathcal{U}$ $X$ $X$
$(X, \mathcal{U})$ $C_{0}$ $\mathcal{E}_{\mathcal{U}}^{0}$ $X$
$\mathcal{E}=\{E\subset X\cross X|E\backslash \triangle x$ $\}$
$\grave$
$\mathcal{E}\subset \mathcal{E}_{\mathcal{U}}^{0}$ $E\subset X\cross X$
E $\not\in \mathcal{E}$ $E\backslash \Delta_{X}$ $A\subset E\backslash \Delta_{X}$
$F=pr_{1}(A)$ UPr2 $(A)$ $F$ $U(F)\in \mathcal{U}$
$U(F)\cap A=\emptyset$ ( ) $K\subset X$




$f:Xarrow \mathbb{R}$ $X_{0}$ $0$ $X_{1}$ 1
$X$ Higson
3.10. $(X, \mathcal{U})$ $Y=N$ $Y$ $\mathbb{R}$
( ) $X= \bigcup_{n\in N}X_{n}$









3.12. $(X, d)$ $X$ $C_{0}$ $X$
Smirnov $uX$ $\mathcal{E}_{d}^{0}=\mathcal{E}_{uX}$
3.13. 3.7 $uX$ $C_{0}$ Higson
$uX\backslash X$ $C_{0}$ Higson $X$





3.14. $(x_{n}),$ $(x_{n}’)$ $X$ $n$ $d(x_{n}, x_{n}’)\geq r$
$(x_{nk}),$ $(x_{n_{k}}’)$ $A=\{x_{n}k|k\in N\},$ $A’=$
$\{x_{n_{k}}’|k\in N\}$ $d(A, A’)\geq r/3$
$n\in N$ $I_{n},$ $J_{n}\subset N$ $d(x_{i}, x_{n}’)<r/3,$ $d(x_{i}^{l}, x_{n})<r/3$
$i\in N$ $i,j\in I_{n}$ $d(X_{i}, Xj)<2r/3$
$d(x_{i}’, x_{j})\geq d(x_{i}’, x_{i})-d(x_{i}, x_{j})>r-2r/3=r/3$ $n$
$I_{n}=\{n_{1},n_{2}, \ldots\},$ $n_{1}<n_{2}<\cdots$ $(x$
$(x_{n_{k}}’)$ $n$ $J_{n}$
$I_{n},$ $J_{n}$ $n$ $n$
$N(n)$ $i>N(n)$ $d(x_{i},x_{n}’)\geq r/3,$ $d(x_{i}’,x_{n})\geq r/3$
$n_{1},n_{2},$ $\ldots$ $(x_{nk})$
$(x_{n_{k}}’)$ $n_{k}=1+ \max\{n_{k-1}, N(n_{1}), \ldots, N(nk- l)\}$
3.12 $X$ ( [4,
Theorem 3.5, Lemma 3.6] ) $uX$ $C0$ Higson
( 3.7) $X$ $C_{0}$ $uX$
[8, Proposition 2.45]
$E\subset X\cross X$ $uX$ $E\in \mathcal{E}_{uX}$
$E$ $C_{0}$ $E$ $E\cup E^{-1}$
$E=E^{-1}$
2.7 $f:Xarrow \mathbb{R}$ $f(x)=$ diam $E[x]$ $f$
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$E$ $((x_{n}, x_{n}^{l}))_{n\in N}$ $r>0$ $\{x_{n}|n\in \mathbb{N}\}$ $X$
$n$ $d(x_{n}, x_{n}^{l})\geq r$
(X ) 3.14
$A=\{x_{n}|k\in \mathbb{N}\},$ $A’=\{x_{n}’|k\in N\}$ $d(A, A^{l})\geq r/3$
36 cl$uXA$ cl$uXA’$
$(c1_{uX}A\cross c1_{uX}A^{l})\cap\triangle_{uX}=\emptyset$
$F=\{(x_{n}, x_{n}^{l})|n\in N\}$ $\mathcal{E}_{uX}$ $E$ $F$
$uX\cross uX$ $\overline{F}$
$\overline{F}\backslash (X\cross X)\subset(c1_{uX}A\cross c1_{uX}A’)\cap\Delta_{uX\backslash X}=\emptyset$
$\{x_{n}|n\in \mathbb{N}\}$ $X$
4
$f:Xarrow Y$ Higson $\nu f:\nu Xarrow\nu Y$




$X$ $Y$ $Xarrow Y$
TB
4.1.
CC 3.13 CC TB
$X\in$ CC
$\tilde{X}$
$d$ TB $X\in$ TB
CC 313
TB $X$ Higson $\nu X$ 3.13
$\tilde{X}\backslash X$ $\nu X$
$K$ Higson
$\nu$ :TB $arrow K$
$*4$ Higson
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4.2. $\nu$ :TB $arrow K$
(1) $\nu$ :HOmTB$(X, Y)arrow Hom_{K}(\nu X, \nu Y)$
$X,$ $Y$ (2) $X,$ $Y$ (3) $K$ $K$
TB $X$ $\nu X$ (3) $X=C\cross[0,1)$
(2) (1)
(1) $X,$ $Y$ TB $\varphi:\nu Xarrow\nu Y$
$\nu f=\varphi$ $f:Xarrow Y$ $\tilde{X},\tilde{Y}$
$\nu X=\tilde{X}\backslash X,$ $\nu Y=\tilde{Y}\backslash Y$ $\tilde{X},\tilde{Y}$ $d,$ $\rho$
$\nu X=\bigcap_{n=0}^{\infty}U_{n}$ $\nu X$
$\tilde{X}$
$(U_{n})_{n=0}^{\infty}$
$=X$ $\nu Y$ $n$
$y_{n,1},$ $\ldots,$
$y_{n,k_{\mathfrak{n}}}\in Y$ $\nu Y\subset\bigcup_{i=1}^{k_{n}}B_{\rho}(y_{n,i}, 1/n)$ $x\in X$
$n(x)= \max\{n|x\in U_{n}\}$ $\tilde{x}\in\nu X$ $d(x,\tilde{x})=d(x, \nu X)$
$i(x)\in\{1, \ldots, k_{n(x)}\}$ $\varphi(\tilde{x})\in B_{\rho}(y_{n(x),i(x)}, 1/n)$
$f(x)=y_{n(x),i(x)}$ $f:Xarrow Y$ $\nu f=\varphi$
5
42
5.1. $X,$ $Y$ $C_{0}$
(1) $X$ $Y$
(2) $\nu X$ $\nu Y$
(3) $\tilde{X}\backslash X$ $\tilde{Y}\backslash Y$ $\tilde{X},\tilde{Y}$
41
5.2. $X,$ $Y$ $\gamma X,$ $\gamma Y$
$\mathcal{E}_{\gamma X},$ $\mathcal{E}_{\gamma Y}$ $X$ $Y$ $\gamma X\backslash X$
$\gamma Y\backslash Y$
51 TB ( CC
)
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5.3. $X=Y=N$ $X,$ $Y$ $\mathcal{E},$ $\mathcal{F}$
$\mathcal{E}=$ {$E\subset X\cross X|E[x],$ $E^{-1}[x]$ $x\in X$ }
$\mathcal{F}=\{F\subset Y\cross Y|\sup_{y\in Y}|F[y]|,\sup_{y\in Y}|F^{-1}[y]|$
$\}$
$\mathcal{E},$ $\mathcal{F}$ $N$ (indiscrete coarse structure)
(universal bounded geometry structure)
$X,$ $Y$ Higson
Higson $\nu X,$ $\nu Y$
$X$ $Y$ $X$ $Y$
$f:Xarrow Y$ 210 (2)
$y\in Y$ $f^{-1}(y)$ $f(X)$
$X’\subset X$ $f|_{X’}$ $X’=\{i_{1}, i_{2}, \ldots\}$
$E=\{(i_{m}, i_{n})|m\leq n\leq 2m\}$ $E\in \mathcal{E}$





(Roe [7, 8] )
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$(X, \mathcal{E})$ $\{E\in \mathcal{E}|E\subset$
$A\cross A\}$ $A$ $A\subset X$










TB $X$ $\nu X$ $C(\nu X)=(\nu X\cross[0,1])/(\nu X\cross\{0\})$
$d$
$X’=C(\nu X)\backslash (\nu X\cross\{1\})$ $X’=(X^{l}, d)$ TB
$\nu X’=\nu X$ $\nu$ $X$ $X’$ TB
5.8. TB $X$ $X’$ Higson
$hX’$
314 39
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